Systolic time intervals were performed on 49 male subjects. Twenty-eight subjects were inactive with respect to a continuing exercise program and were classified as a sedentary group.
Twenty-one subjects were physically active and were classified as an active group. The active group was composed of 12 members who were moderately active and nine members of a college track team. Using analysis of covariance no significant difference was found in the total duration of electromechanical systole (QS2), left ventricular ejection time (LVET), or the preejection period (PEP) between the moderately active subgroup and the members of the track team. However, a highly significant difference was found between the sedentary and the active group in the QS2 and PEP. The LVET was not significantly different.
The results of this study appear to be consistent with the hypothesis that an increase in intrinsic myocardial performance is associated with physical conditioning. In addition, it is suggested that published equations for the QS2 interval and the PEP may be applicable only to sedentary individuals. The procedure for separating the data and deriving equations was applied to a group of 12 males identified as being physically active prior to the study and, separately, to a group of nine members of the track team. The intra-group comparison of the data for each interval of systole was performed by analysis of convariance, and no significant difference between these two groups could be identified for any interval.
Additional Indexing
Subsequently, the data from the physically active group and the track group were combined and referred to as the active group. Equations were developed to describe the data of this combined group, and these are presented in ference between the groups could be demonstrated for the LVET. However, the LVET followed the same directional change as the QS2 with the result being a shortened PEP. The abbreviation of the PEP was highly significant (P < .005). The individual values and regression lines for the QS2, LVET, and PEP for the two groups are shown in figures 2, 3 and 4.
Comparison of the QS1 subdivision of the preejection period between groups showed that group differences in this interval were not significant. The isometric contraction time (ICT) has not been shown to vary linearly with heart rate but rather to be constant within a narrow range.
Comparison of this interval in the sedentary and active groups was therefore accomplished by the t test of unequal groups and the difference found to Relationship between the PEP and heart rate. The individual values for the pre-ejection period index of each group. The crossbar is the mean for the group. there is some overlap between the two groups the PEP-I was significantly shorter in the active group (P < .001).
Garrard, Weissler and Dodge7 have shown that the ratio of PEP/LVET correlates closely with the ejection fraction. As this ratio decreases the ejection fraction increases. The individual value for each subject is shown in figure 6 . The mean value for the sedentary group was 0.332 ±-0.007 while the mean value for the active group was 0.287 + 0.007. While there is overlap between the groups, the PEP/LVET is significantly shorter in the active group (P <.001).
Discussion
The similarity of the regression equations of our sedentary group (table 2) and Weissler's equations for males leads us to the conclusion that our methods of recording and analyzing the data are similar. The differences found in the athletic group might well have arisen on the basis of physical training.
The present study clearly indicates that the exercise habits of adult males are an important determinant of the duration of systolic time intervals. Thus, habits of exercise prior to study or onset of disease state could cause confusion in interpretation of duration of these phases in a given individual. This study strongly suggests that published equations for the prediction of systolic intervals in normal men are applicable only to normal sedentary men. Although we have no information on these intervals in sedentary or active females, the probability is great that physical training affects women in much the same way.
In regard to any difference in intrinsic myocardial performance between the sedentary and the active groups, an important finding is a decreased PEP/LVET ratio in the active group compared with the sedentary group. Since this ratio correlates well with ejection fraction this would indicate an increased ejection fraction with physical conditioning.
A second important finding is a shorter than predicted PEP in the active group. Metzger et al. 8 have shown that the PEP is a reflection of dp/dt in that as dp/dt increases the PEP decreases. The PEP is also a reflection of the isometric contraction time in that changes in the PEP reflect changes in the same direction in the isometric contraction time. The individual values for the PEP/LVET of each group.
The crossbar is the mean for the group.
Preload, afterload, and myocardial contractility are known to alter dp/dt. The diastolic arterial pressure is virtually identical in the two groups, averaging 72 ± 7 mm Hg in the sedentary group Circulation, Volume XLVIII, July 1973 and 72 +5 mm Hg in the active group. Thus, differences in afterload cannot account for the differences found between the two groups.
Athletes are known to have an increased left ventricular end-diastolic volume. Based on the Starling mechanism the increased end-diastolic volume may then lead to an increased dp/dt. This may, at least in part, account for the shortened PEP found in the athletic group.
The third factor, increased intrinsic myocardial contractility, most likely accounts for most of the observed changes. Without knowing the actual left ventricular end-diastolic volumes it is impossible to determine exactly how much changes in the intrinsic myocardial contractility versus changes in the left ventricular end-diastolic volume are responsible for the alterations observed. However, the findings of a shortened PEP and ICT along with a decreased PEP/LVET ratio strongly suggests an increased intrinsic myocardial contractility.
While it has not been previously shown that physically conditioned males have intrinsically better myocardial performance, it is not surprising to find this to be the case. What is surprising is that adult males in a moderate exercise program did not evidence any difference in intrinsic myocardial performance when compared with a group of highly trained athletes. This would suggest that a moderate exercise program is as beneficial to intrinsic myocardial performance as a strenuous exercise program.
The possibility was considered that the difference in the systolic time intervals might be related in part to a significant age variation between the two groups. The sedentary subjects ranged in age from 28 to 58 years with a mean of 40.6 years, and the active subjects ranged in age from 18 to 45 years with a mean of 27.0 years. However, no variation in the derived indices for the QS2, LVET, or PEP were observed in either group as a function of age.
The present study is in disagreement with those of Rabb9 and Whitsett and Naughton10 concerning the effects of training on the pre-ejection period. On the basis of averages of the Tension Period (the equivalent of PEP) in subjects before and after training, the conclusion was drawn that exercise lengthens the TP, i.e., PEP.9 Again, on the basis of the mean pre-ejection period no difference was found between active and sedentary subjects.10 However, neither of these studies derived the equation for linear regression so characteristic of the systolic intervals in the pre-or post-trained state. Rather, since training led to a reduction in heart rate and thus a relative prolongation of the tension period or pre-ejection period, this overall effect was noted and no attempt was made to compare measured versus expected interval for the given heart rate.
The future application of the phases of systole in the estimation and treatment of disease of the cardiovascular system will improve as other variables which affect the "normal" are recognized.
